In experiments described herein, it was observed that guinea pigs with delayed-type hypersenstivity to tuberculoproteins under various experimental conditions, with or without passive transfer of serum from immune donors, manifested no acquired immunity against aerogenically induced tuberculosis. These results are discussed in relation to the previous observations of other investigators and to the general problem of cellular hypersensitivity and immunity against facultative intracellular bacteria.
The view that acquired resistance in tuberculosis is effected by cellular mechanisms of delayed-type hypersensitivity was first clearly formulated by Romer in 1908 (20) and later critically reviewed by Rich (18) . During the past decade intimate relationships have been experimentally established between delayed tuberculin-type hypersensitivity (DTH), thymusderived or thymus-influenced lymphocytes (T cells) and the "activation" of macrophages, the host cells of facultative intracellular parasites (6, 17) . It has been concluded (11) that immunological protection against infection with such parasites (e.g., Listeria monocytogenes and Mycobacterium tuberculosis) and DTH, because they appear to be mediated by the same population of T cells, are causally related. These studies were carried out with mice, and the evidence is largely based on morphological grounds and on temporal parallelism between the development of hypersensitivity reactions in the footpads and evidences of antibacterial immunity in vivo.
The purpose of this report is to describe the results of some studies on the relationship between DTH and immunity against aerogenic challenge with virulent M. tuberculosis in guinea pigs vaccinated with Mycobacterium bovis (BCG) Cell extract. BCG cells were suspended in 0.1 M sodium bicarbonate containing 1% phenol and disrupted in a colloid mill with glass beads at 4 to 8 C. This extract was incubated with 5 mg each, of deoxyribonuclease and ribonuclease (Nutritional Biochemicals, Cleveland, Ohio) at 37 C for 2 h and then separated from the bacterial cells and cell debris by shaking with diethyl ether and centrifuging at 6,800 x g. It was concentrated to a smaller volume by ultrafiltration (elimination of molecules less than 1,000 molecular weight). Finally, it was centrifuged at 27,000 x g for 3 h, and the supernate was removed and stored at -20 C. The purpose of this procedure was to obtain as complete an aqueous solution of the macromolecular components of the bacterial cells as possible, including heat-labile antigens. Mixtures Immune GP serum. Guinea pigs were injected with 0.5 ml of a 10-fold dilution of BCG vaccine in saline by the intracardiac route, and 26 days later a booster injection of 1.0 ml of BCG vaccine diluted 1:100 in saline was given by the same route. Seven days after this booster the guinea pigs were bled to death. Sera from different guinea pigs were pooled, sterilized by filtration through a membrane filter (0.22 um pore size; Millipore Corp.) and kept at -20 C until use. Guinea pig (GP) serum was injected by the intraperitoneal route.
Normal GP serum. Sera from nonimmunized guinea pigs were pooled and processed in the same fashion.
Passive transfer of serum. Guinea pigs received 10 ml of serum the day before aerogenic challenge and 10 ml 1 week after infection.
Skin testing. CE, NCE, and PPD (Lederle Laboratories, Division of American Cyanamid Co., Pearl River, N.Y.) were diluted in pyrogen-free Travenol sterile saline containing 0.0005% Tween 80 and 0.3% phenol. The sites of multiple injections in the guinea pigs were randomized. All skin tests were done 2 days before challenge in duplicate and were read blind. The millimeter diameter of erythema was measured, and the degree of induration was observed at 6, 24, and 48 h. Diluent controls were always negative.
Aerogenic infection. Aerogenic infection was carried out in an airborne infection apparatus (13) . The single-cell suspension of M. tuberculosis, strain Erdman, was prepared as described by Grover et al. (8 days after saline or BCG injection. The skin reactions were negative at 6 h; the erythema reached its peak at 24 h and remained for 48 h; all reactions had induration at 24 and 48 h. All sensitized guinea pigs developed DTH skin reactions. Except for the BCG vaccinated guinea pigs none of' the guinea pigs proved to be immune, even with passive transfer of "immune" serum to hypersensitive guinea pigs, an experiment not previously reported in the literature. Experiment 2. Guinea pigs were inoculated with BCG by the intraperitoneal route at different periods of' time before aerogenic infection with a larger dose of' tubercle bacilli. This larger aerogenic infectious dose was employed in order to permit an earlier evaluation of' immunity (11 days versus 28 days) than is possible with smaller infectious dosag,e. The earlier the evaluation of immunitN, the more closely one can approximate the actual level of' immunity at the time of challenge.
It was first observed ( The concept of a distinct antigen crucial for the expression of immunity can similarly be applied to explain the failure of acquired resistance to appear in temporal relation to the appearance of DTH to the PPD used in our experiments: it may not be present in PPD; the emergence of DTH to the crucial antigen may emerge later than DTH to the heat-stable antigens in PPD; or it may never emerge.
Finally, in studies in these laboratories by Salmon, Kreisberg, and Middlebrook (Fed. Proc. 32:1039, 1973) a dissociation between cellular hypersensitivity mechanisms and nonspecific macrophage sterilizing activity Listeria monocytogenes has been observed in vitro. Phytohemagglutinin is known (7) to induce lymphocytes from normal guinea pigs to produce the several mediators involved in DTH. Nevertheless, phytohemagglutinin was unable to stimulate the sterilizing activity of macrophages unless the lymphocytes came from BCGinfected guinea pigs.
The above considerations suggest that the view that DTH, cellular hypersensitivity, and immunity against tuberculosis are causally related is too simplistic for the present state of our knowledge of host-parasite relationships.
